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Priority Extraction Using Bayesian Inference for Prioritized

Combinatorial Testing
2016 14622011 Shunya KAWABATA
Abstract

An ideal testing detects the large number of faults with the small number
of test cases. One of techniques to produce the test suite with the small number of
test cases is the combinatorial testing which focuses on a combination of parameter
values. To prioritize combinatorial testing, test cases are sorted by priority of fault
detection in descending order. Prioritized combinatorial testing can detect the large
number of faults with a small testing resources. In this study, we propose a method
to prioritize combinatorial testing using Bayesian inference. In this approach, we
first map the probability of the faults detected to the parameters of each test cases.
Next, we calculate the test case’s weight from the mapped probabilities. We then
sort the test cases by the calculated test case’s weight in descending order. We
compare our approach with the existing prioritization techniques applying twelve
versions of three projects. From the results of experiments, we confirm that pro-
posed method is comparable to others, and also confirm that it is the best method

in some projects.
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2. D ITEE(E

21 NAXAWE

R21ICHRADPR I LRI THEBBRE I 2EREET.

P(ANB)

P(B|A) = P(A)

2.1

22T, PIXHER, A BIZERTHD, PBA) LM EHE, PANB) IZFHRA &
HRBWH LA ILBEEROMERTH 5.

22 HAFDLETFAS

fHatbET A ML, NI RX=FDBNBEDOMAGDLEICHEEHL, boHAAGD
DRI XA =FICTHZED Y = TRTCEWET 2T A LD ETHD,
Ao ErE Lcs Errway T A MR rwise 7 A b EIER, DI, I X —%
DEBHED I ERNTA—FHERLT S,

BleE L TR21IDNRNIRX=FERPEZ SN ED2-wise T A F2AEKT 5, %
THRTFALNTF =A%, 39—V DRI A=FHERBE T X =512, 238 —
VDRI R=FEEB NN T A=FD2O5DT, TAM T —2ABIF3x2x2=12
b, ML T2-wise DILABGOET A6, £22DTAFAL—FICkD, T
AMT =286 L%, BEEZoNETRTD2ODMAAGEDLY (X,Y), (Y,2), (Z,X)
DRIRA—FEERTERT 2L, WHLICTRTORY— V2 MEL TS,
fAafbE T A MAERY —)VIZiE, Microsoft #: D Czerwonka & [4] 3B ¥ L 7
PICT [2], PEZEBAMTHRAWIZLHT D Choi & [5] 23BA%E L 7z pricot, Bryce 5 [6] 235 % L
7-DDA R EDH 5,

23 HIAEDLETFTAMDOREAIL

HAGEDLDET A MERY —NVICXDERINIZTANAAL =X, AT —2A
BVl b, TAMETICHELZERZBMS T ENTES, LrL, 2
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F21 NKFTA—T DK F22 F210D2-wise tHHEDE

Parameter Parameter-value TAB
X= 123 #oftestcases | X Y Z
r= 12 1 111
z= 1.2 2 12 2
3 2 1 2
4 2 2 1
5 31 1
6 3 2 2




AR AL = FOPIICHIET 2 &9 M IC T UL, FEITT 2T AT — 2B D
ZVBHBATY, TAFZAA —MIHMORBETE D75 — Vv P BHDIREICZ 5,
InEfAaGOET A ORI & S,

MHAGbET A MERKY —VICiE, pricot D X ) ITAEK T T2 L ok z 179
bDLDH 5,

2.4 FHEFIE
2.4.1 Average Percentage of Faults Detected

BT AFPAA =22 dHELE LT, Elbaum 5 [7] |3 Average Percentage of
Faults Detected (BA#8 APFD &EWESY) 242 L7, APFD OilH k%2 X (2.2) IR,

TF,+TF,+...+TF, 1
APFD = 1 — —! 2 +— (2.2)
mxn 2n

2T, m3@RT AP r =AW THMIBTESL 74—V EFE, nl3 T A7 — 2K,
TEF, 3 74—V bFiZWOTHHBLET AN —2AHBE5THS., 2o xifiiz 5 A
Fr—2%, yiEBRH L 74—V FORBEEE LRI 7 712C, MEDy=02D
577 7DyHET, BBx=0067 770 xEEFTOHBEZRD 22 & %2 EKE
¥ 5.

Bl LT, £23DFTAPAAL—MITBIT%APFD 2iltH T2 £3:023) L% D, i
1306 &7 %,

1+0+4 1

APFD = 1 —
25 2.5

=0.6 (2.3)

2.4.2 Normalized Average Percentage of Faults Detected

HIFELIC TR L7 APFD ORELE LT, iz KL 2 wihity, RG22 7 A 75 —2
BDOTAMAAL = FALBREKETELRVEBH S, HlELT, RTANTFT—2D
R2ILZOMABEDLETAMTH IR 24ZHBL 2 0EA, T AN — 2D
S5 L3ERLLD, BMICAPFD 2t LIRS 2 2 &R TE LW, ZOH
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2.3 APFD DEtEH 2.4 NAPFD DEtEH

#oftestcases | F; | Fo | F3 #oftestcases | F; | Fo | F3
1 v 1 v
2 2
3 3 v
4 v v
5 v




WXL, Qu & [1]13#H AV v FT&H % Normalized Average Percentage of Faults Detected
(LA#% NAPFD W) #4RZR L 7. NAPFD D8 % X (2.4) TR T,

TF1+TF2+...+TFer p
mxn 2n

NAPFD = p — (2.4)

ZIT, pREZoNTMHAGOE T A INDPHRHTESL 74—V M ERT AN r—
AP TEL 74— VI RTHRELZLDLD, ZOMDEEIZAPFD LU TH 5.
BHp DEAIZ X Y APFD % ERALL T3,

LR DOBID NAPFD 2k %, K23 EMT AN T —ATHY p=1L%27d
APFD L 72b 6 §ilil% 0.6, £23DHAGHOE T A FThH %% 2.4D NAPFD 135 (2.5)
ICCEIRTE, fHIZ025 45,

1+0+0 (1/2)

NAPFD = (1/2) = ———+ ==

=0.25 (2.5)

FEERE R O 3EAfi 13 APFD T3 72 { NAPFD TiHiii L Tw <,

2.5 BEEMR

HArGbET A FDOAEMEIC DTS, Kuhn 5 [8]1 & 74—V FHBLD &>
DT EBRDENTA=FDHAGOLERIERL, 7 XY 2 EmERSEOEERE,
Mozilla Web 77 7 #, Apache % —/N, I8 — FFHMITL V¥ — DG AT LD
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DR ZHREL ., R, 702 =27 FOMBICEDLS T, 22026 40flAHEDLE T
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HAabdbeT A MO E ZDEHEICOLTERS, Qub [1]1F, flex £ make
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RA4LICHR7ur=27 FoFMlzZrRd., AR TIE Unix 2—=74Y 74 LT
f4 7 flex,grep, make D3 70y 7 FZEBENRET S, wInd CEFREICTHE
BINTWE, £70Pc7 FMCRBEBRON=Ya v DPHEET 320, Z0hd» 5
FEBICH B T — I PRTEENTED, »O74+— L Z2HRHEL TV D%2%E
RUEZH, flex 151, grep 1% 41, make IF 3 DFF 12 N—Yav L kotk,
2 — FAT% (Line of Code, LoC) 12217 Z BR\ > 72478 % grep 2~ v FITTHE L 7.
SIROHITIZ321 TR L%, ROTAMIET 2T BEENT VRS,

e Frame
FET AT —=RICBOTHENT A= DB B T X =5l (CCFH) %L
727 7 A,

e Universe
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Fz41 F7OIx7 MO
# of faults # of all
project | ver. LoC
seeded | detected | tests
flex vl | 12,160 19 16 | 525
v2 | 12,737 20 13| 525
v3 | 12,781 17 91 525
v4 | 14,168 16 11| 525
v5 | 12,893 9 51 525
grep | vl | 12,507 18 4| 470
v2 | 13,179 8 21 470
v3 | 13,291 18 8| 470
v4 | 13,359 12 21 470
make | vl | 18,460 19 41 793
v2 | 19,149 6 1] 793
v3 | 20,340 5 1] 793
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774 NVBUG, TS 26 A Yy FICHhEL N T A —FHOEARZ KD 5,
4, BAIWLED T AMAAL — P 2RI O Z 5
TAFAAL—=bPEZERAY Yy FICTUHTHZ 2 L TREILPRETT 5,
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42 HBRFE

RETFIEICEIDKRDLT AT AL — b 2iHli§ 570, HEKICHV2TELEZD
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DRT AN —ZADERFERUCICAR 2 X)W HEZE, MBRIDTA AL —F %
org t KT 5. 22HIE, AN —R%ZT Yy 7, DF ) I UFAICHMOREZ
5, Ty 7 VICHOLERELE I A VY X - VAL AFITEDERK, vy 7L
FO#AGEDLETANZ 100D ERT 5, DR, COTAFAAL—F%Zrmd &k
E A
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RIZ, PICT L B 2flAaGbET A MERY — vz VT, B EmiElz L7
LA E DK ELT ). B Y — )V IT X pricot % V> %, pricot 13 P 3 B TS & i SE Pt
CTCHEINHAGDLE T A MERY =L TH D, Fifhe L CHIEEZ LT 2 C
ETEL, WEEICIE, BEAEPRKE VAT A—FHET A FOMICEL X ) HE
Jr Chifb T 2% co, HAENRKEVWT AP r—2A% 7 A MCHBEICHBIIE 3
Y HEECREL T 2 cf, MAGDOET AN E2RERNILARBEFITFAL
T 2B RELT 2 cs D3O DH B, El I DRI 2 1 TH
AEDLELZENTES, HlZiFcoct 25 co>cf DIBREZRFOMME E 25, &K
METIERT APy —AEmibDEAZ AL L, 2-wise DilAGHLET A2
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1) Make BUG files 2) Make TS files

3) Calculate Weight

4) Sort by Weight

Prioritized Test Suite

K41 #HAEEDLET A MRBLEDFHN
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9 %, BREEIZIX, 1)cs,2)co,3)cf,4) cs.co, 5) co.cs, 6) cs.cf, 7) co.cf, 8) cs.co.cf, 9)
co.cs.cf % 9247 L 72N, NAPFD D &5 b Eh > 7z cocf Z H v 3,
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51 ERER

512K Y = LTHER, Rl 7z 2-wise llAaGbET A FDF A M7 — 2%
ZRT, TANT—Z2EUX, PICT B L 72854 & pricot W AEK L 2856440
EIEHBED, ELobMWEHE RS,

RH52ICKMAEDE T AMCIOBHELZZ 74—V FE%Z/R9. PICT & pricot
T, ELobMHET A 74—V PEUIF L W, K41 XD, BREBELZZ 74—V b
BIZHAGDOETANDOGEAELRT AN T —ADHAELETHL L,

X510, ML 7x— ) F REBOMBZ, 70 27 VEIIRT, 777
i, xEIDFET LT AN r — A%, yllidDIZoRE B L7z 74— LV EETHD,
org L 4DODRETFHEDOFEREZ 7ay P LT3, £70P 27 MZT74—)L MR
HOVL EDR)DBREWAYy FZRTWL L, flex D vl, v2, v4 Tl m-2a, m-2b, v3
TlEm-1b, VS T ITRTOREFIELEL>TW5, KIZ grep T, vl Tlk m-1b,
m-2a, m-2b 32357 A b7 — 2520 DN TlE org & m-1a il TR T
W3, v2 CTlforg, m-1a, m-1b, v3 Tldm-2a, vd Tldm-1a st ->Tw3, ZL T
make Tl%, vl TiX m-1a, m-1b, m-2b, v2 T org, m-1a, m-1b, m-2b, v3 TiX m-1a,
m-1b, m-2b &£ 72> T\ %,

R53IK XYy NDONAPFDIE & Z DV %2R Y, £7X 5212 NAPFD fHD & v
JAxA7uay hE7uYe7 MEZ, K532 TR,

52 EE

RQICIH>THEHEL T {,

52.1 RQ1: BEXFERTAMZREALLTES D

M51%2H2E, ZNFNO70P 27 MZBWTIRETFEICTRELL ZHAE
bETAMNITLDIERFDOT A PAAL—FERELD, FLEERVWEET, F—-7+—
LEZBHLTWE, FIXRTO74r— LV FBEELFEROEEL Z>T WS, D

17



#F51 2-wise HAEDLETAMNDTANT—R¥E

project | ver. | PICT | co.cf

flex vl 51 51
v2 51 51
v3 51 53
v4 51 52
v5 51 51
grep vl 77 75
v2 77 75
v3 77 79
v4 77 76

make | vl 34 32
v2 34 33
v3 34 33

#F*52 2-wisel HAEDLETANDBHELIE7ZA—IL M

project | ver. | PICT | co.cf

flex vl 16 16
v2 13 13

v3 9 9
v4 11 11
v5 5 5
grep vl 4 4
v2 2 2
v3 8 8
v4 2 2
make | vl 4 4
v2 1 1
v3 1 1
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#*53 BAYYR®D NAPFD &

project ver. org rnd m-1a m-1b m-2a m-2b co.cf

flex vl 0.8566 | 0.9455 0.8922  0.9596 09596  0.9596 | 0.9767
V2 0.7971 0.8659 | 0.8258 0.8439  0.8650  0.8424 | 0.8544
v3 0.8355 0.7498 0.8747 0.9314 0.6525 0.8965 0.8606
v4 0.7656 0.9079 0.8262 0.9635 0.9635 0.9635 0.9205
v5 0.9706 0.9886 0.9902 0.9902 0.9902 0.9902 0.9902
avg. 0.8451 0.8916 0.8818 0.9377 0.8862 0.9304 0.9205
grep vl 0.8214 | 0.7985 0.8409 0.6266  0.5422  0.6623 0.6933
v2 0.9935 0.7983 0.9935 0.9935 0.6883 0.8766 0.8733
v3 0.7403 0.8742 0.7403 0.7403 0.8393 0.7403 0.8608
v4 0.7727 0.7796 0.9805 0.7662 0.6429 0.9156 0.9276
avg. 0.8320 0.8127 0.8888 0.7817 0.6782 0.7987 0.8387
make vl 0.7941 0.8449 0.8603 0.8382 0.7794 0.8382 0.8047
v2 0.8971 0.6353 0.9853 0.9853 0.8971 0.9853 0.9848
v3 0.6324 0.4474 0.9853 0.9853 0.6324 0.9853 0.9848
avg. 0.7745 0.6425 0.9436 0.9363 0.7696 0.9363 0.9248
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FORELD, RQINDREIE L LT, REFEHEEFMHELICPICT 2 ERL AabbE
TAPZREBEILTESL L VA5,

52.2 RQ2: REFERBMORBILFELLXRERLTVWSD

532 R TV, FTREFEDLA4ODDATHEL TV, 7uavz7 FEDF
HIZHEHT % &, flex, grep, make DI CTie b #4172 X V v F ik m-1b, m-1a, m-1a &
D, L TR L2 AY Yy Fidmlam2am2a s, ZOLEMEDEIL
0.0461, 0.2106, 0.1740 TH b, grep, make DL E I K E 5= E %> T w5, Z L T3
J7urz7 b FLOPETE, ROENZDIEm1a, HH->TW»5DIE m-2a
Thh, ZDOEIFTO01119 DAYy FTHRBICENEL TV,

R pricot DA & RELTH % cocf bad ThRELFEZILEL Tw L, 7
0zl FMEOFEEICHEHT % &, flex, grep, make DIEFR TR L BN XV v FiZ
m-1b,m-1a,m-1a £ 7% 0, b FE > T\ % DiE m-1a,m-2a, m-2a, Mj#H D 7 1% 0.0559,
0.2106,0.1740 £ 72 %. 2L C3 70y 7 +2F L FEHTE, ROUBENZDIEZ
m-la, mb%H-oTWDiEm2aThh, 2001119 L% 5.

HKAY Y FICTNAPFDEDN R R & ooz FTw{, £5412T, 220D
Ay FORRE Bz £ LR, miaBTRITR%E %D, XA m-1b
De6llEs,

Ms520% 70y bRy 7270y b ZEKLTWL, flex 12T m-1b 1F
BB RE L, BB UM E TCOMBEPIRVZD, BV y FEw
Z%. ¥7-m2am20 b HFRED 10T D TENT WS EWZ S, grep T,
m-1a 35— 6 F UM EOMESMh 2 Yy FEHRZ ERED LD, Pl
BERESHEZUMEIZ10METH 2720, B XAY Yy FEWZ 5, make Tl
org, rnd, m-2a Z R\ 72 XV y FIZdhfE, SFHE E D 1.0V XY v
FEWwzz, RIKS53DFRy 7 A70y MCTHIKT 2, 4DDREFIEONTIE
m-1a, m-1b, m-2b 2MEN 7 X Vv FTH D, FFiZ m-1a (Z°FEE & 5 =1 675003,
m-1b (& Rl & 55 = PUS SR XY v B EHRENLTY S,

DEofiRzstos, 2zl TEATY 2 xELFEIIm-1a L m-1b TH
D, FZ m-1a 3 FEMEDS, m-1b iz REIEN TS, 7aP =y FEHITIE, flex
Tl m-1b, grep Tlk m-1a, make Tlx m-1a, m-1b, m-2b & co.cf ’EN /= XV v F
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F£54 XYY REICNAPFD BN RR & K- T=E#

org | rnd | m-ila m-1b m-2a m-2b | co.cf

count 1 2 7 6 2 4 2
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E7 %, RQ2ADMIZEI, REFE ML TFIE L LR E & i o8
TWVBEAY Y RWH BN, ZOXAYy R 7adzl MckoTEDb 3,

5.3 ZLMODIREE
5.3.1 AMZYHE

Sl EEXRNRE L7077 L033METHH ZDNN— a3 vIiFEk 1246, §X
TCEETHRBRINZOSSTH S, o OSSSEHY 7 b v =7, MEEICTHE
DR TH S EIF VIR, FLEBRNRELLSIRIZ, HAHFTERIE=E
PMER L 72T =8 Thd, 20, T—F1y MIRBP RV EITLRI RV,

532 AMNZHHE

12HIZ, GHT A2 = rOR#ELETITHET0 77 01F, Hadbye
TAMERY —VZ2BREEHFEOAETH-7., 707751, THICTAFLTW
205, 7A=IVEDBHFELEVERVZRY, 220HIC, EEOLMKICIZ 74—
B D 75 7 & NAPFD fli% 72, NAPFD X5 A b A4 — b O R & % W
TE2HED1DOTEDH S0, TAMDOHPTIXRTO7r— Vb zBELTHTYH
NAPFD BRSNS WHAEDH 5.

54 S&DFEE

ERERE A SBOFEEZLTICRT,

FERNRE LT, V7027 P R2ETH 7, —RILD7-DITI 5
% 0, HASHEPHARKEORLZZ 7027 b2WRICL T RBEDLH 5.
REFEOHIE LT EF7eX Yy FiE, RE{FT2L, DT AMr—
ADMEF, 7 v & LRk, Yy —ic kD ERER#EZ LT A FD3E) T
Hole, FHRIZEICE C OO BT IESLERY —VICT, $EFEOHAEGED
R EICIDHBENREZEC L T BEHLH 5.

KW RDON—L 2 VI LT, BbIic v 2 BARIIRELNREFRL NN— 3
yo7u 7 Ao EE L L LEBEORKETIE, NROFAN—Yarvo 70
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7o Lo EAZERLNREZRELT 20PHR BTN TH L. 20D, 5
EEYFT A FRICE W TFEZERZL TS BHEYRDH 5,

Ay FOFIGTEICOWT, MIHTEL2 74—V FBIZEDA Y Yy FHEL o
Ttz d, MHEETES 2N 2B TCE Lok, 5BIFIa—T—varvT R
FZITHIZET7A— VM EZEHPL, 74—V EREEDE ST Y Yy FOES
ZHW L T BB H B,
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6. &

Atgicld, HAarGHLET A FOREILFIELE LT, XA XHEENTLR—L
ERHALHEZREL L, REFEZPICT Y —Vick W ERSNLMALEDYE
TAMCHEHAT 2 Z &£ TREMBITONT WS 2 EE2MAL . F/pricot iITXD
BAERERELINHAGDLET AP EHKT 22T, 7Y 27 MIkoT
WBREDOXAY Yy Ptk 25 Ez2MERL 7.

LB B NROMmPHME T2 74—V P BOMEE{TH 2 & T, NAPFD fibL
HNTHEXYy FOELZHERICT 20E1DH 5.

o BF

$ﬁ%%ﬁ5m%tb,ﬁ%%%®%%%ﬁ%mﬁﬁ%%1:$%X@Wﬁﬂ£

5FC, RTCOHTIELIHRE2ZEE L7k, REFRESHIPKEBEHEZRR,
M Z TR B AT B REM ARy 7 b o277 F U 747 AT
W— 7 EREMREICECHALPL BT ET, FAARRCAREICH ) HELRIS
ZHWIHE L, AAERLAHERE KW A, INHRAH, HBEREE, &
& KA, Anais Tournois &, | Fruy Nicolas &, A& L4431 R EARE, W R
B, PUIHAERCH, BB L £ 9,

26


Osamu Mizuno


Osamu Mizuno
情報工学・人間科学系


SE MR

[1]

(2]

[5]

[10]

X. Qu, M.B. Cohen, and K.M. Woolf, “Combinatorial interaction regression testing: A
study of test case generation and prioritization,” Software Maintenance, 2007. ICSM 2007.

IEEE International Conference on, pp.255-264, IEEE, 2007.

Microsoft Corp., Pairwise Independent Combinatorial Testing, (4 > 7 A4 ¥), AF4%
(https://github.com/Microsoft/pict) (£ 2016-02-03).

H. Do, S. Elbaum, and G. Rothermel, “Supporting controlled experimentation with testing
techniques: An infrastructure and its potential impact,” Empirical Software Engineering,

vol.10, no.4, pp.405—435, 2005.

J. Czerwonka, “Pairwise testing in the real world: Practical extensions to test case gener-

ators,” Microsoft Corporation, Software Testing Technical Articles,ép.n—n,'ZOOS.

E. Choi, T. Kitamura, C. Artho, A. Yamada, and Y. Oiwa, “Priority integration for

weighted combinatorial testing,” Proc. of COMPSAC, pp.242-247, IEEE, 2015.

R. Bryce and C. Colbourn, “Prioritized interaction testing for pair-wise coverage with
seeding and constraints,” Information and Software Technology, vol.48, no.10, pp.960-

970, 2006.

S. Elbaum, A.G. Malishevsky, and G. Rothermel, “Test case prioritization: A family of
empirical studies,” Software Engineering, IEEE Transactions on, vol.28, no.2, pp.159—

182, 2002.

D.R. Kuhn, D.R. Wallace, and A.M. Gallo Jr, “Software fault interactions and implications
for software testing,” Software Engineering, IEEE Transactions on, vol.30, no.6, pp.418—

421, 2004.

X. Qu and M.B. Cohen, “A study in prioritization for higher strength combinatorial test-
ing,” Software Testing, Verification and Validation Workshops (ICSTW), 2013 IEEE Sixth

International Conference on, pp.285-294, IEEE, 2013.

T.J. Ostrand and M.J. Balcer, “The category-partition method for specifying and generat-

ing fuctional tests,” Communications of the ACM, vol.31, no.6, pp.676—686, 1988.

27



